To assess the predictive value of central obesity for risk of ischaemic heart disease (IHD) in a long-term follow-up, measured by skinfold thickness in comparison to general measures of overweight and obesity such as Quetelet's index. SUBJECTS AND DESIGN: A total of 2512 men aged 45 -59 y from the general population first examined in 1979 -1982. Men were re-examined at approximately 5 y intervals. All fatal and non-fatal cases of IHD during a 14 y follow-up were recorded. MEASUREMENTS: Skinfold thickness was measured at four sites. Height (m) and weight (kg) were also measured and Quetelet's index (weight=height 2 ) was used as the reference body mass index (BMI). RESULTS: Data were available for 2512 men among whom 411 new cases of IHD (fatal and non-fatal) occurred during 14 y of follow-up. Increasing values of BMI showed a statistically significant trend with increasing risk of new IHD that contributed independently to risk of IHD when adjusted for age, smoking habit and social class. Skinfold thickness measures were entered singly and in combination into this model with and without the additional inclusion of BMI. All individual skinfolds were significantly associated with risk of new IHD when BMI was excluded from the regression model, as was the sum of four skinfolds and the sum of subscapular and abdominal skinfolds. Only the subscapular skinfold measure contributed independently to risk of subsequent IHD when BMI was included in the model although biceps, biceps plus triceps and total sum of skinfolds were close to achieving statistical significance. The relative odds of IHD in the upper quintile of subscapular skinfold compared to the lowest was 1.9 (95% CI 1.3 -2.8) when adjusted for age, smoking habit and social class. CONCLUSIONS: In general skinfold measurements contribute only marginally to improved prediction of risk of IHD as measured by BMI, but central obesity, as measured by the subscapular skinfold, is predictive of IHD independently of BMI.
Introduction
The prevalence of overweight and obesity appears to be increasing in many European countries 1 and in the United States. 2 In the short term overweight seems to play a minor role in the development of subsequent cardiovascular disease 3, 4 but the long-term risks may have been underestimated. 5, 6 There is a body of evidence which links central (visceral or intra-abdominal) obesity more strongly than peripheral fat with the subsequent development of cardiovascular disease and maturity-onset diabetes. 7 -9 In this report of middle-aged men from South Wales first examined in 1979 -1982 we examine the predictive value of central and peripheral fat distribution measured by skinfold calipers for the subsequent development of ischaemic heart disease (IHD) by 14 y of follow-up. A number of bony measurements were also made at baseline used to estimate frame size and body build, and the influence of frame size on subsequent IHD is also examined.
Subjects and methods

Study population and survey methods
A population sample of men aged 45 -59 y was recruited from a defined geographical area centred on Caerphilly, South Wales between 1979 and 1983. Some 2512 men were examined, 89% of those eligible for inclusion by age and known to be resident within the area. Symptoms suggestive of myocardial infarction and angina were elicited using the London School of Hygiene Chest Pain questionnaire. 10 Height and weight were measured using single standardised instruments -a Holtain stadiometer and a beam balance respectively. Sitting height was also measured. Skinfold thickness measurements were made at four sites according to the methods described by Durnin. 11 Measurements using Harpenden calipers were made over the biceps, triceps, subscapular and abdominal muscles. Measurement of skeletal frame size have been described in detail previously. 12 Three field assistants undertook the measurements during the course of the survey and standardised training methods were used.
Blood pressure was recorded using a Hawksley random zero sphygmomanometer, and a 12-lead ECG was Minnesota coded by two experienced readers. Survey methods have been described in detail previously. 13, 14 Laboratory methods All blood samples were taken with minimum haemostasis after an overnight fast. Full details of all laboratory methods used for determination of fasting insulin, glucose and lipid parameters have been reported in detail elsewhere. 14 
Follow-up examinations
Results reported here refer to the third follow-up in this cohort, at a nearly constant interval of almost 14 y (165 months (s.d. 6 months)).
Details of the follow-up are described elsewhere. 14 Three categories of incident (new) coronary events were defined: coronary death, clinical non-fatal myocardial infarction and electrocardiograph myocardial infarction; a major coronary event was defined as one or more of these three possible outcomes.
Results
In all, 2512 men were examined at baseline, 89% of those eligible for inclusion in the survey. For a number of reasons which were non-selective in nature data were missing for a number of variables. Skinfold thickness measurements were available for between 2427 subjects (abdominal) and 2464 subjects (biceps).
Mean values (s.d.) for height, weight and skinfold measures are as follows: height 1710 (65) mm; weight 76.6 (12.1) kg; body mass index (BMI) 26.2 (3.6) kg=m 2 ; skinfolds, mm -biceps 6.7 (2.8), triceps 11.3 (4.2), subscapular 17.2 (6.1) and abdominal 20.1 (8.6). The majority of these variables show positively skewed distributions and consequently all were transformed to logarithmic values for all subsequent data analyses.
Associations between BMI and skinfold measures were examined. In addition to single skinfold measures several ratios of peripheral to central fat distributions and fasting values for blood glucose and serum insulin (as markers of insulin resistance) were also investigated. These results are shown in Table 1 .
All single and additive measures of skinfold thickness are strongly correlated with BMI. Correlations between BMI and skinfold measures in areas of 'central' obesity -subscapular and abdominal -tend to be greater than those at peripheral sites. Ratios of skinfold measures tend to be weakly correlated with BMI, the highest correlation (0.24) being between the ratio of the summary measures of central and peripheral obesity derived from skinfolds and BMI. BMI was as strongly correlated with our markers of insulin resistance as were the single skinfold measures, and all these correlations were of a similar magnitude.
BMI shows a steady gradient in its relationship with incidence cases of IHD at 14 y of follow-up and the usual U-shaped distribution is shown in the case of all-cause mortality ( Table 2 ). All analyses have been adjusted using multiple logistic regression analysis for age, smoking habit and social class.
Mortality from any cause is lowest in the middle fifth of BMI (25.3 -26.9 kg=m 2 ) and the likelihood ratio w 2 for a quadratic effect is highly significant.
In contrast the risk of a major IHD event does not show a U-shaped distribution of risk but conforms to a more linear increase in risk in each of the top three-fifths of BMI and is significantly associated with increased risk. Specific w 2 tests for differences and for trend are also highly significant. 
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In order to examine the predictive value of individual and compound measures of skinfold thickness for subsequent IHD standardised relative odds were calculated. These relative odds permit direct comparison of the predictive abilities of skinfold and other measures of body fatness and are shown in Table 3 . Standardised relative odds adjusted for BMI are also shown. Several of the skinfold measures showed standardised relative odds comparable to or in excess of that shown by BMI, but after adjustment for BMI only the subscapular skinfold measure remained statistically significant, although several measures including biceps, biceps þ triceps and total sum of skinfolds were very close to significance.
We also examined the relative odds of IHD by fifths of the distribution of subscapular skinfolds with and without adjustment for BMI.
Subscapular skinfolds show a similar pattern to that shown by BMI alone (Table 2 ), although the relationship with incident IHD is slightly stronger. When adjusted for BMI, however, a similar pattern remains but the strength of the relationship is weakened. Tests for w 2 difference and for trend are statistically significant.
We had previously shown that the prediction of body fatness (measured by the total sum of skinfolds) was not improved by adjustment for frame size (measured by skeletal measurements). 12 All bony measurements were correlated with body fatness but wrist diameter was least correlated (r ¼ 0.16). All bony measurements were also correlated with height (r ¼ 0.32 to 0.43). We examined whether the prediction of incident IHD by BMI or by individual skinfold measurements was improved by the inclusion of a skeletal measurement (wrist, knee, biacromial or biiliocristal diameter) into the logistic regression, but prediction of subsequent IHD was unchanged by these additional adjustments.
Discussion
In this report we have examined the possible contribution of skinfold measurements and of central and peripheral obesity to risk of subsequent IHD in men after almost 14 y of follow up. Table 1 indicates that skinfold thickness measurements are highly correlated at different skin sites and also with BMI. These correlations range from 0.5 to 0.7. The ratios of measurements of central and peripheral obesity show a lower order of correlation. BMI shows a characteristic U-shaped relationship with allcause mortality (Table 3) , even when adjusted for age, smoking habit and social class. This pattern has been widely reported in other studies 15, 16 and indicates moderate degrees of overweight (from approximately 25 to 29 kg=m 2 ) to be associated with lower than average mortality. Data from the Caerphilly cohort on weight gain in adult life (from 18 y of Central obesity -predictive value for IHD JWG Yarnell et al age) show that lowest mortality occurs in men who gained between 8.3 and 21.6 kg in weight by middle age. 13 In contrast however, the risk of a subsequent IHD event is increased at modest degrees of overweight, the arbitrary cut-off point occurring at a BMI of 25.3 kg=m 2 in our study. The exclusion of deaths up to 5 y after recruitment made little difference to these patterns of mortality and IHD events. These issues are discussed in greater detail elsewhere. 13 We investigated whether measurements of skinfold thickness at various sites added to the information available for BMI alone. Subscapular skinfold showed an independent relationship to subsequent IHD, which has been also reported in the Honolulu Heart Study of Japanese American men, 17 but biceps, the sum of biceps and triceps and the sum of all skinfolds bordered on statistical significance.
We conclude that measurements of skinfold thickness at various sites contribute marginally to the prediction of subsequent IHD provided by BMI alone and that subscapular skinfold, as a measure of central obesity, is independently predictive of subsequent IHD. However skinfold measures principally provide an estimate of subcutaneous fat and internally stored fat may represent, on average, about 62% of the body's non-essential fat stores. 18 The waist -hip ratio, 1 measured at a subsequent follow-up in the Caerphilly cohort, may provide a simple, robust indicator of central obesity but further epidemiological evidence from large cohort studies is required.
